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(54) Integrated optical elements 

(57) A prism pair (103p) is employed as an optical 
deflecting element (103a). The prism pair (103p) is con- 
structed by a slab waveguide (103b), and first and sec- 
ond upper electrodes (103c, 103d) and first and second 
lower electrodes (103e,103f) arranged on and under the 
slab waveguide. These electrodes are shaped into a 
wedge shape (e.g., triangular shape), and change the 
refractive index of a part of the slab waveguide (1 03b) 



by utilizing the electrooptic effect to change the propa- 
gation direction of light. 

A substrate comprises an integrated waveguide 
(211). A dielectric multi-layered fflm mirror (212) is ar- 
ranged at the bending portion of the optical waveguide 
(211) to have an angle of 45 degree to the center line of 
the optical waveguide. The mirror (212) is formed by 
providing a plurality of mutually-parallel sGts (205) In a 
part of the optical waveguide. 
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Description 

[0001] The present invention relates to an optica) de- 
flecting element for deflecting light, an optical switch 
module for switching a propagation destination of a light 
signal between a plurality of input ports and a plurality 
of output ports, a light signal switching device employing 
the optica] switch module, and an optica] wiring sub- 
strate having a mirror for changing the propagation di- 
rection of the light signal. 

[0002] in recent years, the transmission band of opti- 
cal communication has increased steadily and also the 
higher speed and the larger capacity are accelerated 
conjointly with the progress of WDM (wavelength divi- 
sion multiplexing) technology. In order to construct the 
hardware infrastructure of the optical fiber network In the 
trunk communication network, a light signal switching 
device for switching the transmission destination of an 
optical signal is needed. 

[0003] A previously-proposed light signal switching 
device comprises an optical cross-connecting device 
that firstly converts a light signal into an electric signal, 
then switches the transmission destination of the signal 
by the crossbar switch, and then converts the electric 
signal into the Gght signal once again. In this case, if the 
data transmission rate exceeds 10 Gb/s, it is difficult to 
construct a switching device using known electric 
switching elements. 

[0004] If the optical transmission path is switched by 
using optical switching elements In place of the electric 
switching elements, conversion between the light and 
the electric signals is not needed and thus an optical 
cross-connecting device that does not depend on the 
rate (frequency) of the light signal can be constructed. 
At present, an optical switch module whose input port 
number is 32 and whose output port number is 32 (32 
X32 channels) has been proposed. Also, it may be pos- 
sible to construct a non occlude switching network (Gght 
signal switching device) by connecting such optical 
switch modules in a multi-stage fashion. 
[0005] In such an optical switch module, normally a 
movable micro mirror is employed as the optica] switch- 
ing element That is, the propagation direction of the 
light signal is switched by controlling the direction of the 
micro mirror by an electric signal. The micro mirror can 
be formed by using MEMS (MlcroElectroMechanical 
System) technology. The optical switch module is con- 
structed by arranging a number of micro mirrors in two 
directions (the X direction and the Y direction). 
[0006] Also, a switching element (optical deflecting el- 
ement) utilizing the eiectrooptic effect has been pro- 
posed in Japanese Patent Application Publication 
(KOKAI) Kiel 9-5797. F1G.1A and Fig.© of the accom- 
panying drawings show respective plan and sectional 
views of such an optical deflecting element An optical 
waveguide 11 having the eiectrooptic effect is formed 
on the conductive or semi-conductive single crystal sub- 
strate 10. and then an upper electrode 12 Is formed ther- 



eon. The upper electrode 12 is formed as a wedge 
shape (right triangle shape) having a side that orthogo- 
nally intersects with the optical axis of the Incident light 
(called a base hereinafter) and a side that obliquely in- 
5 tersects with the optical axis (called an oblique side 
hereinafter). 

[0007] In the optical deflecting element constructed in 
this manner, as shown in FIG.1A, the light is* incident 
upon the optical waveguide 11 from the base side of the 

to upper electrode 1 2 and is emitted from the oblique side 
of the upper electrode 12. If the voltage is applied be- 
tween the upper electrode 12 and the tower electrode 
while using the substrate 10 as the lower electrode, the 
refractive index of the optical waveguide 11 under the 

is upper electrode 12 is changed to cause a difference in 
the refractive index of such portion along the periphery. 
The light passing through the optical waveguide 11 is 
refracted at the portion whose refractive index is 
changed and thus the traveling direction is changed. In 

20 other words, the outgoing direction of light can be con- 
trolled by changing the voltage that is applied between 
the upper electrode 12 and the substrate 10. 
[0008] Meanwhile, in the case that a light signal is 
transmitted between optical devices, it is possible to 

25 connect the optical devices via optical fibers if the 
number of the wirings (optical wirings) is small. Howev- 
er, if the number of wirings is in excess of several hun- 
dreds to several thousands, rt is advantageous, from the 
aspect of the easiness of the connecting operation and 

30 the space, to connect the optical devices by optical 
waveguides rather than to connect them via the optical 
fibers. 

[0009] it is rarely the case that all the optical 
waveguides for connecting the optical devices can be 

35 formed by a straight line. Normally, the optical 
waveguides are formed to detour electric parts, electric 
wirings, connectors, and other optical waveguides 
mounted on the substrate. In this case, since the light 
travels in a straight line the optical waveguides must be 

*o formed along a curve having a large curvature or the 
propagation direction of light must be changed sharply 
by the reflection mirror. 

[0010] If the optical waveguides must be formed along 
the curve having a large curvature, the layout space of 

45 the optical waveguides is increased. Therefore, there is 
the drawback that it is difficult to form a large number of 
optical waveguides. In contrast, if a reflection mirror is 
employed, there is the advantage that the optical 
waveguides of high density can be integrated. The re- 

59 flection mirror may be, for example, a total reflection mir- 
ror that totally reflects the light based on the difference 
in the refractive index or a metal mirror that is formed of 
the metal film. 

[001 1] The inventors of the present invention- consid- 
55 er that problems described in the following are present 
in the previ ousry-proposed optical switch module. 
[0012] In an optical switch module that is constructed 
by Integrating micro mirrors, the size of a 32 X 32 chan- 
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nel module containing light Input/output ports (fiber con- 
nectors), for example, becomes several tens cm square. 
In order to achieve a n on occlude optical cross-connect- 
ing device on a scale of 1000 X 1000 channels that is 
requested in the market, the optical switch modules 
must be constructed in a three-stage fashion by using 
192 optical switch modules, for example. 
[0013] Also, as described above, wavelength division 
multiplexing (WDM) technology is employed to improve 
the throughput of the data transmission, and a light sig- 
nal having plural wavelengths is transmitted collectively 
over one optical fiber. Therefore, the multiplied light sig- 
nal must be passed through an optical branching filter 
to separate plural wavelengths Into individual wave- 
lengths before such multiplied light signal is input into 
the optical switch module. Such an optical branching fil- 
ter may, for example, comprise an interference filter, an 
AWG (Arrayed Waveguide Grating) based on 
waveguide technology, etc. 

[001^ m addition, an optical multiplexer is needed to 
transmit the wavelength-multiplexed light signal once 
again after the propagation path of the light signal is 
switched by the Bght signal switching device. The optical 
multiplexer executes the multiplexing of the light signal 
based on the opposite principle to the optical branching 
filter. 

[001 5} Both the optical branching filter and the optical 
multiplexer are formed in the form of module and are 
connected to the optical switch module via an optical 
fiber. If the Bght signal switching device on the scale of 
1000 X 1000 channels is constructed by employing the 
previously-proposed optical switch modules, the 
number of optical fibers that connect the optical switch 
modules, the optical switch module and the optical 
branching filter, and the optical switch module and the 
optical multiplexer is increased up to 6000. For this rea- 
son, it is not practical to construct a light signal switching 
device on the scale of 1000 X 1000 channels by the pre- 
viously-proposed optical switch modules. 
[0016] In Patent Appfication Publication (KOKAI) 
2000-1 80905, there Is set forth an optical switch (optical 
switch module) that has an incident side optical 
waveguide, a coin mate lens, an optical deflecting ele- 
ment constructed by arranging the electrode on and un- 
der the slab waveguide, a converging lens, and an out- 
going side optical waveguide. However, in the optical 
switch In Patent Application Publication (KOKAI) 
2000-1 80305, the conductive or semi-conductive single 
crystal substrate is used as the common lower electrode 
to all the optical deflecting elements, and also ail the 
upper electrodes are directed in the same direction. 
Therefore, the deflection angle of one optical deflecting 
element is smaD and thus the interval between the input 
side optical deflecting element and the output side op- 
tical deflecting element must be set large to increase the 
number of input/output ports. As a result, in the optical 
switch in Patent Application Publication (KOKAI) 
2000-1 80905, the miniaturization of the device is insuf- 



ficient 

[0017] The problems described in the following are 
considered in the optical deflecting element shown in 
FIGS.IAand 1B. 

5 [0018] In the optical deflecting element shown in 
FIGS.1A and 1B, the substrate 10 must be conductive 
or semi-conductive. But it is not easy to form a conduc- 
tive or semi-conductive single crystal substrate having 
the size required for the optica] deflecting element, and 

10 thus the yield of fabrication is low. 

[001 0] Also, it is difficult to give the conductivity to the 
single crystal substrate to the same extent as the metal, 
the electric resistance of the substrate causes the signal 
delay, and the high-speed operation becomes difficult 

is [0020] In addition, the electrode is provided on and 
under the substrate. Therefore, if the optical deflecting 
element is to be mounted on another substrate, one 
electrode can be connected directly to the substrate by 
the solder, or the Gke, but the other electrode must be 

20 connected individually to the electrode on the substrate 
via the wirings, or the like. As a result, the packaging 
steps become complicated. 

[0021] The problems described in the following are 
considered In the previously-proposed optical wiring 

25 substrate having the reflection mirror. 

[0022] The reflection mirror employed in the optical 
wiring may comprise a total reflection mirror or a metal 
mirror. The metal minor can avoid the transmission of 
light substantially perfectly if the type and the film thick- 

30 ness of the metal are set property. In this case, since a 
part of light is absorbed by the metal film, it is impossible 
to suppress the optical loss to zero. Also, in the optical 
wiring circuit, in some cases the reflection mirror must 
be formed perpendicularly to the substrate surface. But 

35 there is also the problem that it is difficult to form the 
metal film on the surface that is perpendicular to the sub- 
strate surface. 

[0023] The total reflection mirror utilizes the phenom- 
enon that, when the light goes into the Interface between 

<o a layer of high refractive index and a layer of low refrao 
tJve index at an angle that Is larger than the critical angle, 
such light can be totally reflected. However, since light 
propagates through the optical waveguide to have a cer- 
tain angular width, a part of the light does not satisfy the 

46 total reflection condition and then transmits through the 
total reflection mirror to cause optical loss. 
[0024] Accordingly. R Is desirable to provide an optical 
switch module of reduced size, and a light signal switch- 
ing device constructed by employing ' such an optical 

a? switch module. 

[0025] it is also desirable to provide an optical deflect- 
ing element which can execute high-speed operation 
without a conductive or semi-conductive substrate and 
which can be mounted on another substrate by simple 

G5 steps, and an optical switch module constructed by em- 
ploying such an optical deflecting element. 
[0026] Furthermore, it is desirable to provide an opti- 
cal wiring substrate having a mirror which has small loss 
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and which is readily manufactured. 
[0027] According to an embodiment of a first aspect 
of the present invention there is provided an optical 
switch module comprising: a colflmarte portion for cofli- 
mating individually a plurality of light signals respective- 
ly; a plurality of first optical deflecting elements for 
switching propagation directions of the light signals, 
which are passed through the coDimate portion, individ- 
ually respectively by utilizing an electrooptic effect a 
common optical waveguide through which the Dght sig- 
nals, which are passed through the plurality of first op- 
tical deflecting elements respectively, are propagated; 
a plurality of second optical deflecting elements for 
switching the propagation directions of the light signals, 
which are passed through the common optical 
waveguide, individually respectively by utilizing the 
electrooptic effect; and a converging portion for con- 
verging the light signals, which are passed through the 
plurality of second optical deflecting elements, individu- 
ally respectively; wherein each of the first optical deflect- 
ing elements and the second optical deflecting elements 
is constructed by one or plural prism pairs, and each of 
the prism pairs includes a slab waveguide formed of ma- 
terial having the electrooptic effect, first and second up- 
per electrodes formed as a wedge shape and arranged 
on a light signal passing area of the slab waveguide 
such that wedge top ends are directed mutually oppo- 
sitely, and first and second lower electrodes arranged 
under the slab waveguide so as to oppose to the first 
and second upper electrodes. 
[0028] In an embodiment of the present invention, a 
prism pair is employed as an optical deflecting element. 
The prism pair is constructed by the slab waveguide 
formed of material having the electrooptic effect, and 
first and second upper electrodes and first and second 
lower electrodes arranged on and under the slab 
waveguide. These electrodes are shaped into the 
wedge shape (e.g., a triangular shape), and change the 
refractive index of a part of the slab waveguide by uti- 
lizing the electrooptic effect to change the propagation 
direction of light In this case, since the propagation di- 
rection of Dght is changed between the first upper elec- 
trodes and the first lower electrodes and also the prop- 
agation direction of tight Is changed between the second 
upper electrodes and the second lower electrodes, the 
propagation direction of light can be largely changed. 
Also, since the first and second upper electrodes are 
arranged such that their wedge top ends are directed 
mutually oppositely, the first lower electrodes are op- 
posed to the first upper electrodes, and the second low- 
er electrodes are opposed to the second upper elec- 
trodes, the alignment density of the electrodes can be 
increased. Because of these reasons, the size of the op- 
tical switch module can be significantly reduced com- 
pared to the previously-proposed device. 
[0029] Also, since the prism pairs, the collimate lens, 
the converging lens, eta are formed integrally on the 
substrate, the size of the optical switch module can be 



reduced much more. 

[0030] According to an embodiment of a second as- 
pect of the present invention there Is provided a light 
switching device comprising: a first optical switch mod- 
5 ule group constructed by arranging a plurality of first op- 
tical switch modules; a second optical switch module 
group constructed by arranging a plurality of second op- 
tical switch modules and connected optically to the first 
optical switch module group; and a third optical switch 
10 module group constructed by arranging a plurality of 
third optical switch modules and connected optically to 
the second optical switch module group; wherein each 
of the first, second and third optical switch module in- 
cludes (1) a collimate portion for col D mating individually 
is a plurality of light signals respectively, (2) a plurality of 
first optical deflecting elements for switching propaga- 
tion directions of the light signals, which are passed 
through the collimate portion, Individually respectively 
by utilizing an electrooptic effect, (3) a common optical 
waveguide through which the light signals, which are 
passed through the plurality of first optical deflecting el- 
ements respectively, are propagated, (4) a plurality of 
second optical deflecting elements for switching the 
propagation directions of the light signals, which are 
passed through the common optical waveguide, individ- 
ually respectively by utilizing the electrooptic effect, and 
(5) a converging portion for converging the light signals, 
which are passed through the plurality of second optical 
deflecting elements, individually respectively, and 
wherein each of the first and second optical deflecting 
elements is constructed by one or plural prism pairs, and 
each of the prim pairs includes a slab waveguide 
formed of material having the electrooptic effect, first 
and second upper electrodes formed as a wedge shape 
and arranged on a light signal passing area of the slab 
waveguide such that wedge top ends are directed mu- 
tually oppositely, and first and second lower electrodes 
arranged under the slab waveguide so as to oppose to 
the first and second upper electrodes. 
[0031] Since a light signal switching device embody- 
ing the present invention employs an optical switch 
module having the above structure, the optical switch 
modules, the optical branching filter and the first optical 
switch module group, and the third optical switch mod- 
ule group and the optical multiplexer is connected via 
optical connectors having a plurality of lenses, which are 
aligned In a one-dimensional or two-dimensional direc- 
tion, for example, respectively. Accordingly, the size of 
the device can be reduced significantly compared to the 
previously-proposed light signal switching device in 
which respective devices are connected via optical fib- 
ers. 

[0032] According to an embodiment of a third aspect 
of the present invention there is provided an optical wir- 
ing substrate comprising: an optical waveguide having 
a bended shape; and a dielectric multi-layered film mir- 
ror having a plurality of slits provided to a bending por- 
tion of the optical waveguide as a part of a multi-layered 
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structure. 

[0033] The lights ere multiply-reflected by respective 
levers of the dielectric multi-layered film mirror, but the 
fights cause the loss rf these lights cannot enter into the 
inside of the optical waveguide. Therefore, in order to 
guide the light reflected in the interior of the multi- lay- 
ered structure so es to enter into the optical waveguide, 
the plane that is parallel with the reflection plane of the 
dielectric multMayered film mirror and contains an inter- 
section point of center Ones of the optical waveguide at 
the bending portion is set in the inside of the dielectric 
multi layered film mirror. 

[0034] As normally known, if the material, the thick- 
ness of respective layers, and the layer number of the 
high refractive-index layer and the low refractive-index 
layer are set property in response to the wavelength of 
the reflected Oght, the dielectric multMayered film mirror 
can get the reflectance of 100 %. Since the light signals 
propagate through the optical waveguide with a certain 
angle width, a part of the light signals does not satisfy 
the total reflection conditions. Mainly such light out of 
the light signals, that are incident upon the reflection 
plane of the dielectric multi- layered film mirror, has the 
small angle to the normal of the reflection plane. There- 
fore, if a periodic structure of dielectric layers of the di- 
electric mufti-layered film mirror is set to Oght signals, 
that have a smaller angle to a normal of a reflection 
plane than a center One of the optical waveguide, out of 
light signals that are incident upon the reflection plane, 
the light signals that transmit through the dielectric multi- 
layered film mirror can be returned into the inside of the 
optica] waveguide. As a result, the loss caused by the 
dielectric multi-layered film mirror can be further re- 
duced compared to the previously-proposed optical wir- 
ing substrate. 

[0035] According to an embodiment of a fourth aspect 
of the present invention there is provided an optical de- 
flecting element comprising: a substrate; a first elec- 
trode formed on the substrate; an optical waveguide 
formed on the first electrode and having an electrooptic 
effect: a wedge-shaped second electrode formed on the 
optical waveguide at a position that opposes to the first 
electrode; and a leading electrode formed on the optical 
waveguide and connected electrically to the first elec- 
trode. 

[0030] In an optical deflecting element embodying the 
present Invention, since the first electrode is formed on 
the substrate, the substrate that is suitable for the for- 
mation of the optical waveguide can be employed irre- 
spective of the presence of the conductivity of the sub- 
strate. Also, in an optical deflecting element embodying 
the present invention, the second electrode and the 
leading electrode are formed on the identical plane, and 
the rights can be deflected by applying the voltage be- 
tween these electrodes. Therefore, when the optical de- 
flecting element is mounted on other substrate, these 
electrodes can be jointed simultaneously to other sub- 
strate by using the solder, etc 



[0037] According to an embodiment of a fifth aspect 
of the present invention there is provided an optical 
switch module comprising: a collimate portion for coili- 
matJng individually a plurality of light signals respective- 

5 ly; a plurality of first optical deflecting elements for 
switching propagation directions of the light signals, 
which are passed through the collimate portion, individ- 
ually respectively by utilizing an electrooptic effect; a 
common optical waveguide through which the light sig- 

10 rials, which are passed through the plurality of first op- 
tical deflecting elements respectively, are propagated; 
a plurality of second optical deflecting elements for 
switching the propagation directions of the light signals, 
which are passed through the common optical 

18 waveguide, individually respectively by utilizing the 
electrooptic effect; a converging portion for converging 
the light signals, which are passed through the plurality 
of second optical deflecting elements, individually re- 
spectively; end a first substrate for supporting the coiB- 

20 mate portion, the first optical deflecting elements, the 
common optical waveguide, the second optical deflect- 
ing elements, and the converging portion; wherein at 
least one of the first optical deflecting elements and the 
second optical deflecting elements is constructed by a 

25 second substrate, a first electrode formed on a first-sub- 
strate side surface of the second substrate, an optical 
waveguide formed on a first-substrate side surface of 
the first electrode and having an electrooptic effect, a 
wedge-shaped second electrode formed on a first- sub- 

30 strate side surface of the optical waveguide to oppose 
to the first electrode, and a leading electrode formed on 
the first-substrate side surface of the optica] waveguide 
and connected electrically to the first electrode, whereby 
the second electrode and the leading electrode are joint- 

35 ed to electrodes of the first substrate. 

[0036] An optical switch module embodying the 
present invention is constructed by jointing the second 
substrate on which the optical deflecting elements are 
formed to the first substrate on which the collimate por- 

40 tlon, the common optical waveguide, and the converg- 
ing portion are formed. As a result, the first substrate 
can be formed by the substrate having no electrooptic 
effect, so that the optical loss can be reduced rather than 
the case where the overall optical switch module is 

45 formed on the substrate having the electrooptic effect. 
[0039] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

FIG.1A (described above) is a plan view showing a 
50 previously-proposed optical deflecting element, 
and FIG.1B (described above) is a sectional view 
showing the same; 

FIG. 2 is a schematic view showing a configuration 
of an optical switch module according to first em- 
55 bodiment of the present invention; 

FIG. 3 is a schematic view showing detafls of a col- 
limate portion, an incident side optical deflecting el- 
ement portion, an outgoing tide optical deflecting 
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element portion, end e converging portion of the op- 
tical switch module; 

FIG -4 is a schematic view showing a collimating 
lens and a prism pair of the optical switch module; 
RGS.5A and 6B and FIG.6 are schematic views & 
showing the deflection of light by the prism pair re- 
spectively; 

FIG. 7 « a schematic view showing an example in 
which an embodiment of the present invention is ap- 
plied to a 2 X 2-ohannel optical switch module; 10 
FIG .8 is a schematic view showing an example in 
which an embodiment of the present invention is ap- 
plied to a 4 X 4-channel optical switch module; 
FIGS.9A to 9F are sectional views showing a meth- 
od of manufacturing the optical switch module so- is 
cording to first embodiment; 
FIGS.10, 11 and 12 are plan views showing the 
method of manufacturing the optical switch module 
according to first embodiment; 

FIG. 13 is a side view showing one input port; 20 
FiG.14 is a table showing values of the deflection 
angle 8 per one prism pair, which are theoretically 
calculated when Li 1Mb 03, PZT, and PLZT are em- 
ployed as the slab waveguide; 

FIG.15 is a schematic view showing sizes of re- & 
spective prism pairs when the beam diameter of the 
light that is passed through the collimate lens is 240 
m: 

FIG.1 6 is a schematic view showing an example of 
the size of the optical switch module embodying the 30 
present invention; 

FIG. 17 is a schematic view showing a light signal 
switching device employing the optical switch mod- 
ule embodying the present invention; 
FIG.1 8 is a block diagram showing the same; 35 
F1G.19A is a plan view showing an example of an 
optical connector, and F1G.19B is a sectional view 
taken along a INI line in HG.19A; 
FIG .20 is a schematic view showing another exam- 
ple of the light signal switching device employing *o 
the optical switch module embodying the present 
invention; 

FIG.21 is a schematic view showing an example off 
the optica] connector when the 32-system light sig- 
nal, in which the light signal having 128 wave- <& 
lengths is multiplied, is input into an optical switch 
module group having input ports, which are ar- 
ranged in 64 rows and 64 columns, from an optical 
branching filter group; 

FIG.22A is a schematic view showing an Inter! ayer so 
shifting portion of the optical connector, and FIG. 
22B is a schematic view showing an interiayer 
bending portion; 

F1G.23 is a top view showing an optical wiring sub- 
strate according to a second embodiment of the « 
present invention; 

F1GJ24 is a schematic view showing an effect off the 
optical wiring substrate embodying the present in- 



vention; 

FIG. 25 is a schematic view showing an example of 
a method of optimizing a dielectric multi-layered film 
mirror in the optical wiring substrate embodying the 
present invention; 

FIG. 26 is a schematic view showing the optical wir- 
ing substrate in which an interface between an op- 
tical waveguide and an air (or a cladding layer) is 
set as a reflection plane; 

FIGS. 27 A to 27F are perspective views showing a 
method of manufacturing the optical wiring sub- 
strate according to the second embodiment of the 
present invention; 

FIG. 28 is a sectional view showing a core layer at 
the time of the slit formation; 
FIG .29 is a sectional view showing an example in 
which resin having a low refractive index is coated 
around the optical waveguide; 
FIG. 30 is a top view showing a variation of the op- 
tical wiring substrate according to the second em- 
bodiment; 

FIG.31A is a plan view showing a structure of an 
optica] deflecting element according to a third em- 
bodiment of the present invention, and FIG.31B is 
a sectional view showing the same; 
FIG.32 is a sectional view showing a structure of 
the optical waveguide; 

RGS.33A to 33D are sectional views showing a 
method of manufacturing the optical deflecting ele- 
ment according to the third embodiment of the 
present invention in order of steps; 
FIG. 34 A is a plan view showing a structure of an 
optical deflecting element according to a fourth em- 
bodiment of the present invention, and FIG.34B is 
a sectional view showing the same; 
FIGS.35A to 35E are sectional views showing a 
method of manufacturing the optical deflecting ele- 
ment according to the fourth embodiment of the 
present invention in order of steps; 
FIG.36A is a plan view showing an optical switch 
module according to a fifth embodiment of the 
present invention, and FIG.36B is a sectional view 
showing the same; 

FIGS.37A and 37B are schematic sectional views 
showing a method of connecting the optical deflect- 
ing element unit and the optical switch module sub- 
strate; 

FIG.38 is plan view showing an optical switch mod- 
ule according to a variation of the fifth embodiment 
of the present invention; and 
FIG. 39 is a sectional view showing an optical switch 
module according to a sixth embodiment of the 
present invention. 

(First Embodiment) 

[0040] RG.2 is a schematic view showing a configu- 
ration of an optica) switch module according to first em- 
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bodiment of the present Invention. This optical switch 
module comprises an incident side optical waveguide 
portion 101 , a collimate portion 102, an incident side op- 
tical deflecting element portion 103 r a common optical 
waveguide 104. an outgoing side optical deflecting ele- 
ment portion 105, a converging portion 106, and an out- 
going side optical waveguide portion 107. The Incident 
side optical waveguide portion 101 v the collimate portion 

102, the incident side optical deflecting element portion 

103, the common optical waveguide 104, the outgoing 
side optical deflecting element portion 1 05, the converg- 
ing portion 106, and the outgoing side optical waveguide 
portion 107 are formed integrally on the substrate. 
[0041] The incident side optical waveguide portion 
101 consists of a plurality of optical waveguides (cores) 
101a, and a cladding layer 101b that covers these opti- 
cal waveguides 101a to confine the light in the optical 
waveguides 101a due to difference in the refractive In- 
dex. Similarly to this, the outgoing side optical 
waveguide portion 107 consists of a plurality of optical 
waveguides (cores) 107a, and a cladding layer 107b 
that covers these optical waveguides 107a to confine 
the fight in the optical waveguides 107a due to differ- 
ence in the refractive index. 

[0042] In the present embodiment, the number of the 
optical waveguides 101a of the incident side optical 
waveguide portion 101 is set equal to that of the optical 
waveguides 107a of the outgoing side optical 
waveguide portion 107. The number of the optical 
waveguides 101a (= the number of the optical 
waveguides 107a) is assumed as n (n is the integer of 
2 or more) hereunder. In this case, embodiments of the 
present invention are not limited to this, and the number 
of the incident side optical waveguides and the number 
of the outgoing side optical waveguides may be set dif- 
ferently. 

[0043] The collimate portion 102 consists of n colli- 
mate lenses 102a. Each collimate lens 102a is arranged 
at the position that is slightly remote from the end portion 
of the optical waveguide 101a. The light emitted from 
the optical waveguide 101a is spread radially and then 
is shaped into a parallel fight by the col 5 mate lens 1 02a. 
[0044] N optical deflecting elements 103a are provid- 
ed to the Incident side optical deflecting element portion 
103. Each optical deflecting element 103a is arranged 
at the position that is slightly remote from the coUimate 
lens 102a in the optical axis direction. The detailed ex- 
planation of the optical deflecting element 1 03a will be 
given later, but the optical deflecting element 103a can 
change the propagation direction of the light signal by 
utilizing the Pockets effect (electrooptic effect). 
[0045] The common optical waveguide 104 consists 
of a slub waveguide. This common optical waveguide 
104 transmits the light, which is passed through the in- 
cident side optica] deflecting element portion 1 03, to the 
outgoing side optical deflecting element portion 105. 
Plural light signals are simultaneously passed through 
the common optical waveguide 104, but these light sig- 



nals can be transmitted without the interference with 
other light signals since such light signals can straightiy 
propagate in the predetermined direction in the common 
optical waveguide 104. 
« [0046] Optical deflecting elements (n optical deflect- 
ing elements) 105a are provided to the outgoing side 
optical deflecting element portion 105. These optical de- 
flecting elements 105a deflect the light, which is passed 
through the common optical waveguide 1 04 to reach the 
optical deflecting elements 105a, in the direction in par- 
allel with the optical waveguides 107a. In this case, the 
optical deflecting elements 103a, 105a have basically 
the same structure. 

[0047] The converging portion 108 consists of neon- 
verging lenses 106a. These converging lenses 106a 
have an action to collimate the light, which is passed 
through the optical deflecting elements 1 05a, and guide 
it to the optical waveguides 107a. 
[0046] Details of the collimate portion 102, the inci- 
dent side optical deflecting element portion 1 03, the out- 
going side optical deflecting element portion 105, and 
the converging portion 106 will be explained with refer- 
ence to FI6.3 and F1G.4 hereunder. 
[0049] As shown in FIG.3 and FIG.4, the estimating 
lens 102a constituting the collimate portion 102 is a two- 
dimensional lens that consists of two portions 102c 
102d having different refractive indexes. The portion 
102c having the high refractive index (convex lens por- 
tion) Is formed by the same material as the optical 
waveguides (core) 101a, 107a. The portion 102d having 
the low refractive index is formed by the material that 
can collimate the light by the difference in the refractive 
Index between the portion 102c having the high refrac- 
tive index and this portion 1 02d having the low refractive 
Index, 

[0050] Similarly to the collimating lens 1 02a, the con- 
verging lens 106a of the converging portion 106 also 
consists of the portion 106c having the high refractive 
index (convex lens portion) and the portion 108d having 
the low refractive index. However, in the converging lens 
1 06a, the direction of the lens Is opposite to that of the 
collimating lens 102a. 

[0051] The optical deflecting elements 1 03a constitut- 
ing the Incident side optical deflecting element portion 
103 consist of one or plural prism pairs 103p. As shown 
in FIG.4, one prism pan- 103p consists of a slab 
waveguide 1 03b formed by the material having the eieo- 
trooptic effect, first and second upper electrodes 103c, 
103d formed on the slab waveguide 103b, and first and 
second lower electrodes 103e, 103f formed under the 
slab waveguide 103b. All the first and second upper 
electrodes 103c, 103d and the first and second lower 
electrodes 103e, 103f are formed as a right- triangular 
shape (wedge shape). 

[0052] The first upper electrode 1 03c and tha first low- 
er electrode 103e are opposed mutually to put the slab 
waveguide 103b between them. The first upper elec- 
trode 103c and the second upper electrode 103d are 
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positioned to make their oblique sides oppose mutually 
and are arranged closely. The second upper electrode 
103d and the second lower electrode 103f are opposed 
mutually to put the slab waveguide 1 03b between them. 
The slab waveguide 103b is common to respective 
prism pairs 103p. 

[0053] Similarly to the incident side optical deflecting 
elements 103a, the optical deflecting elements 105a of 
the outgoing side optical deflecting element portion 1 05 
consist of the slab waveguide formed by the materia! 
having the electrooptic effect and one or plural prism 
pairs 105p. Each prism pair 105p consists of a pair of 
first electrodes (the first upper electrode and the first 
lower electrode) and a pair of second electrodes (the 
second upper electrode and the second lower elec- 
trode). 

[0054] FIGS.5A and SB are schematic views showing 
the deflection of light by the prism pair 103p. In FIGS. 
5A and 58, a white arrow indicates the direction of the 
crystal axis of the slab waveguide 1 03b, and a black ar- 
row E indicates the direction of the electric field. 
[0055] As shown in FIG.5A. rf the first lower electrode 
103e is connected to the ground One (G) and the control 
voltage (+V) is applied to the first upper electrode 1 03c, 
the refractive index of the slab waveguide 1 03b between 
the first upper electrode 103c and the first lower elec- 
trode 103e is changed from n to n+ An. Thus, the prop- 
agation direction of the light signal is deflected toward 
the left direction only by an angle 0. In contrast, as 
shown in FIG.5B, if the second upper electrode 103d Is 
connected to the ground line (G) and the control voltage 
(+V) is applied to the second lower electrode 103f, the 
refractive index of the slab waveguide 103b between the 
second upper electrode 103d and the second lower 
electrode 103f is changed from n to n- An. Thus, the 
propagation direction of the light signal is further deflect- 
ed toward the left direction only by an angle 0. The elec- 
trodes to which the control voltage Is applied (the first 
upper electrode and the second lower electrode) are al- 
so referred to as the control electrode hereinafter. 
[0056] That is, In the first embodiment, the light can 
be deflected by 2 0 by using one prism pair. As shown 
in FIG.6, if m (m is the integer of 2 or more) prism pairs 
103p are arranged in series every channel, the propa- 
gation direction of the light signal can be deflected by 
28 x m. The electrodes positioned to put the slab 
waveguide, that is formed by the material having the 
electrooptic effect, between them may be formed to di- 
rectly contact to the slab waveguide (the core layer). In 
this case, if the cladding layer is Interposed between 
these electrodes and the slab waveguide (the core lay- 
er), the optical loss caused by the propagation on the 
metal interface can be avoided. 
[0057] Also, in the first embodiment, the first upper 
electrode 103c and the second upper electrode 103d 
are positioned to make their oblique sides oppose mu- 
tually and are arranged closely. Similarly, the first lower 
electrode 1 03e and the second lower electrode 103f are 



positioned to make their oblique sides oppose mutually 
and are arranged closely. Therefore, the size of the 
prism pair 103p can be reduced. 
[0058] F1G.7 shows an example In which the present 

5 invention is applied to the 2 X 2-chartnel optical switch 
module. In this optical switch module, the first light signal 
being input Into an input port 1 is transmitted to any one 
of an output port 1 or an output port 2, and the second 
light signal being input into an input port 2 is transmitted 

io to any one of the output port 1 or the output port 2. For 
example, if the light signal being input into the input port 
1 is transmitted to the output port 1 and the light signal 
being input into the input port 2 is transmitted to the out- 
put port 2, the light signal is not deflected by the optical 

is deflecting elements 113a, 113b, 115a, 115b unless the 
voltage is applied to afl the optical deflecting elements 
113a, 113b, 115a, 115b. Accordingly, the light signal be- 
ing input into the channel waveguide 1 1 1 a is transmitted 
to the optical waveguide portion 1 17a and the light signal 

20 being input into the channel waveguide 111b is trans- 
mitted to the optical waveguide portion 117b respective- 
ly. 

[0059] If the light signal being input into the input port 
1 is transmitted to the output port 2 and the light signal 

25 being input into the input port 2 is transmitted to the out- 
put port 1 , the positive voltage V is applied to the control 
electrodes of the optical deflecting elements 113a, 115b 
and the negative voltage V is applied to the control elec- 
trodes of the optical deflecting elements 113b, 115a. Ac- 

30 cordingly, the light signal being input into the input port 
1 is deflected rightward by the optical deflecting element 
113a to reach the optical deflecting element 115b, then 
is deflected by the optical deflecting element 115b in the 
direction in parallel with the optical waveguide 117b, 

35 then is converged by the converging lens 116b to enter 
into the optical waveguide 1 17b, and then is transmitted 
to the output port 2. Similarly, the light signal being input 
into the input port 2 is deflected leftward by the optical 
deflecting element 113b to reach the optica) deflecting 

40 element 115a, then is deflected by the optical deflecting 
element 115a In the direction In parallel with the optical 
waveguide 117a, and then is transmitted to the output 
port 1 via the converging lens 116a and the optical 
waveguide 117a. 

46 [0060] F1G.8 is a plan view of the 4 x 4-channel op- 
tical switch module. In this case, the same voltage is 
applied the control electrode of the optical deflecting el- 
ement on the light signal outputting side and the control 
electrode of the optical deflecting element on the light 

so signal receiving side. A large number of light signals are 
simultaneously passed through the common optical 
waveguide 1 04, but respective light signals never inter- 
fere with each other since the light signals linearry travel 
in the predetermined directions respectively in the com- 

55 mon optical waveguide 104. 

[0061] A method of manufacturing the optical switch 
module according to the first embodiment will be ex- 
plained with reference to sectional views in FIGS.9A to 



9 



15 



EP 1 237 040 A2 



16 



9F and plan views in FIGS.10, 11 and 12 hereinafter. 
Here, a method of manufacturing the 4 X 4-channel op- 
tical switch module wiD be explained hereunder. Also, 
FI6S.9A to 9F show a cross section taken along a M 
line in F1G.8. In addition, FIG. 13 is a side view showing 
one input port 

[0062] First, as shown In FIG.9A and FIG.10, an Au 
(gold) film of about 2000 A thickness is formed on a sil- 
icon substrate 120 by the sputter method. Then, the first 
and second lower electrodes 103e, 103f of the Incident 
side optical deflecting element 103a, the first and sec- 
ond lower electrode 103e, 103f of the outgoing side op- 
tical deflecting element 105a, a signal line 121, and a 
ground line 122 are formed by patterning the Au film. In 
this case, as shown in FIG.10, the first lower electrodes 
103e, 105e are connected commonly to the ground line 
122, and the second lower electrodes 103f, 105f are 
connected individually to the signal line 121 every opti- 
cal deflecting element The shape of the first and second 
lower electrodes 103e, 105©. 103f, 105f are the right tri- 
angle, for example, and the length of the optical beam 
in the width direction is set to 200 to 500 pm, for exam- 
ple. Also, the first lower electrode 103e and the second 
lower electrode 103f are formed closely to make their 
oblique sides oppose mutually. Similarly, the first lower 
electrode 105e and the second lower electrode 105f are 
formed closely to make their oblique sides oppose mu- 
tually. 

[0063] Then, as shown in FIG.9B, a lower cladding 
layer 123 having a thickness of 5 um or less, for exam- 
ple, is formed by coating the epoxy resin whose refrac- 
tive index , for example, is almost 1.5 to 1.6 (for exam- 
ple, UVR6128 (refractive index 1 .505): manufactured by 
Union Carbide Co., Ltd.) on the overall upper surface of 
the substrate 120. The first and second lower electrodes 
103e, 105e, 103f, 105fare covered with this lower dad- 
ding layer 123. The material of the lows' ciackfing layer 
123 Is not limited to the above epoxy resin, and various 
materials can be employed. For instance, the fluorinated 
poryimide resin (OPI-N3205 (refractive index 1 .52) man- 
ufactured by Hitachi Chemical Co., Ltd.) may be em- 
ployed as the material of the lower cladding layer 123. 
[0064] Then, as shown in FIG.9C, an electrooptic thin 
film 124 serving as the slab waveguides 103b, 105b Is 
formed in the optical deflecting element portions 103. 
105. This electrooptic thin film 124 is formed by coating 
the organic nonlinear optical material such as parani- 
troaniline by a thickness of about 5 um, for example. 
[0065] As the material of the electrooptic thin film 124, 
PZT (Pb{Zr. TIJOa). PLZT ((Pb, La)(Zr, TIP3), etc., for 
example, may be employed other than the above organ- 
ic nonlinear optical material. As the method of forming 
these electrooptic thin films, there are the sputter meth- 
od, the sol-gel method, the MOCVD (Metal Organic 
Chemical Vapor Deposition) method, etc. The formed 
optical crystal (electrooptic thin film) for example, is pol- 
ished thin and then pasted onto the lower cladding layer 
123. 



[0056] Then, as shown in FIG.9D and FIG.11 , a resin 
film is formed by coating a resin, which has the refractive 
index higher than the lower cladding layer 123, (for ex- 
ample, a resin that contains bisphenyl A diglyddyl as 
5 the principal component to adjust the refractive index to 
1520) on the substrate 120. Then, the optical 
waveguides (cores) 101a, 107a, the coJIimate lens 
102a, the converging lens 106a, and the common opti- 
cal waveguide 104 are formed by patterning this resin 
film. The material of the optical waveguides (cores) 
1 01 a, 1 07a, the coliimate lens 1 02a, the converging lens 
1 06a, and the common optical waveguide 104 is not lim- 
ited to the above epoxy resin and various materials may 
be employed. For instance, the fluorinated poryimide 
resin (OPI-N3205 (refractive index 1 J52) manufactured 
by Hitachi Chemical Co., Ltd.) may be employed as the 
material of the optical waveguides (cores) 101a. 107a, 
the coliimate lens 102a, the converging lens 106a, and 
the common optical waveguide 104. 
[0067] Then, as shown in FIG.9E, an upper cladding 
layer 1 25 is formed by using the same resin as the lower 
cladding layer 123 to have a thickness of 5 ym or less. 
In this case, a low refractive index resin is filled to bury 
the clearances of the high refractive index resin in the 
coliimate portion 102 and the converging portion 106 
(portions 102d, 106d in F1G.3). The clearances of the 
high refractive index resin may be filled with the air. 
[0068] Then, as shown in FIG.9F and FIG. 12, the first 
u pper electrodes 1 03c 1 05c and the second upper elec- 
trodes 103d, 1 05d are formed on the upper cladding lay- 
er 125. The first upper electrodes 103c, 105c are con- 
nected to the individual signal lines 126 every optical 
deflecting element, and the second upper electrodes 
103d, 105d are connected commonly to the ground line 
1 27. In this manner, the optical switch module according 
to the first embodiment can be manufactured. 
[0069] The case where the polymer is employed as 
the waveguide material is explained as above. In this 
case, if the inorganic material such as quartz is em- 
ployed as the waveguide material, the optical loss can 
be farther reduced. 

[0070] A change amount An of the refractive index of 
the electrooptic material by the Pokels effect is An 
Hl^Jrr^E. Where r is the electrooptic constant, n is 
the refractive index, and E is the electric field strength. 
[0071] FIG. 14 shows values of the deflection angle 0 
per one prism pair when UNb0 3 , PZT, and PLZT are 
employed as the slab waveguide. The calculations are 
made theoretically under the assumptions that an angle 
oof atop end portion of the electrode is 45 degree, the 
refractive indexes of UNb0 3 , PZT, and PLZT are 2.2, 
2.4, and 2.4 respectively, the electrooptic constant r of 
UN0O3 Is 30 pm/V, the electrooptic constant r of the PZT 
film formed by the sol-gel method is 50 pm/V, the elec- 
trooptic constant r of the PLZT sintered film is 612 pm/ 
V, the electric field strength E applied to UN0O3 Is 1 0 V/ 
pm, the electric field strength E applied to the PZT film 
formed by the sol-gel method is 100 V/ pm, and the elec- 



ts 



20 



25 



30 



35 



40 



46 



50 



10 



17 



EP 1 237 040 A2 



18 



trie field strength E applied to the PL2T sintered film is 
8-2V/nm. 

[0072] As can be seen from FIG.14, if UN0O3 is em- 
ployed, the number of the prism pairs must be set to 63 
or more to get the deflection angle of ± 6 deg nee or more. 
In the case of PZT and PLZT, the number of the prism 
pairs mist be set to 4 or more. Also, the optical loss is 
1 dB/cm if LINb0 3 is employed, the optical loss is 1.7 
dB/cm if PZT is employed, and the optical loss is 0.7 dBS 
cm if PLZT is employed. 

[0073] For instance, in the case that the prism pairs 
of the optical deflecting element are formed by using 
PLZT and the beam diameter of the light that is passed 
through the coilimate lens » assumed as 240 jim, the 
light can be deflected in an angle range of 12.8 degree 
( ± 6.4 degree) If a size of the first prism pair is set to 
300 jim, a size of the second prism pair is set to 334 \im, 
a size erf the third prism pair is set to 408 jim, and a size 
of the fourth prism pair is set to 536 |im, as shown in 
FIG. 15. In the case of the 32 X 32-channel optical switch 
module, as shown in FIG. 16, if an optical waveguide 
pitch is 600 urn and the maximum deflection angle 6 max 
by the optical deflecting element is set to 10.7 degree 
(almost ± 5.4 degree), a width of the slab waveguide is 
19 mm and a length is 100 mm. An overall size of the 
optical switch module including the incident side optical 
waveguide, the outgoing side optical waveguide, the 
colDmate lens and the converging lens is almost 140 x 
40 mm. In this manner, according to the first embodi- 
ment, the optical switch module that is smaller in size 
than the prior art can be achieved. 
[0074] In FIG.16, the incident side optical waveguides 
and the outgoing side optical waveguides are Illustrated 
in parallel. In this case, alt the incident side optical 
waveguides may be arranged such that they are slightly 
inclined mutually to the optical waveguides, that are ar- 
ranged in the middle of the outgoing aide optical 
waveguides, and also aO the outgoing side optical 
waveguides may be arranged such that they are slightly 
Inclined mutually to the optical waveguides, that are ar- 
ranged In the middle of the Incident tide optical 
waveguides. Accordingly, the maximum deflection an- 
gle 0 max of each optical deflecting element can be set 
identically (±5.4 degree). 

[0075] FIG. 1 7 is a schematic view showing a light sig- 
nal switching device employing the above optical switch 
module, and FIG. 18 is a block diagram showing the 
same. This light signal switching device receives the 
WDM signals, in which the light signals for 64 wave- 
lengths are multiplied at 40 Gb/s, by 64 systems and 
then switches the propagation destination of these Dght 
signals. 

[0076] The Dght signal switching device comprises 32 
AWG optical branching filters 131 arranged in the verti- 
cal direction, an optical switch module group 130, 32 op- 
tical multiplexers 1 33, and 32 optical amplifiers (EDFAs: 
Erbium- Doped Fiber Amplifiers) 134. The optical switch 
module group 130 is constructed in a three-stage fash- 



Ion. The optical switch module group in the first stage is 
constructed by 32 32 x 64-channe! optical switch mod- 
ule 132a that are aligned in the vertical direction, the 
optical switch module group in the second stage is con- 
5 struct ed by 64 32 X 32-channel optical switch module 
1 32b that are aligned in the horizontal direction, and the 
optical switch module group in the third stage is con- 
structed by 32 64 x 32-channel optical switch module 
132c that are aligned in the vertical direction. In this 
case, the optical switch module group in the second 
stage is arranged in the state that it is rotated from the 
optical switch module groups in the first and third stages 
by 90 degree. 

[0077] Also, the optical branching filters 131 and the 
optical switch module 1 32a in the first stage, the optical 
switch module 132a in the first stage and the optical 
switch module 132b in the second stage, the optical 
switch module 132b in the second stage and the optica] 
switch module 132c in the third stage, and the optical 
switch module 132c in the third stage and the optica) 
multiplexers 133 are connected via optical connectors 
135, 136 respectively. As shown in a plan view of FIG. 
19A and a sectional view of FIG. 19B taken along a I hi I 
line in FIG.19A, the optical connector 136 consists of a 
substrate 140, and a large number of minute lenses 141 
thafpass the light in the thickness direction of the sub- 
strate 140. As shown In FIG.19A, lenses 141 are ar- 
ranged in the two-dimensional direction in the optical 
connector 136, and the lenses 141 are arranged in the 
one- dimensional direction in the optical connector 135. 
In this case, an alignment pitch of the lenses 141 is set 
identically to an alignment pitch of the input/output ports 
of the optical switch module 132. 
[0078] The lenses 141 of these optical connectors 
135, 136 act to converge the light, which is output from 
the optical devices in the preceding stage, and transmit 
the light to the optical devices in the succeeding stage, 
and are useful to reduce the transmission loss. 
[0079] In this light signal switching device, the mum- 
plied light signal is separated into individual light signals 
by the optical branching filter 131 . Then, the propagation 
destinations of respective light signals are switched by 
the optical switch module group 130. Here, the optical 
switch modules are constructed by the 32 32x64-chan- 
nel optical switch module 132a, the 64 32 x 32-charmel 
optical switch module 132b. and the 32 64x32-charaiel 
optical switch module 132c respectively, and the three- 
stage construction (cascade-connection) is built up by 
rotating three-set of optical switch module groups by 90 
degree. Therefore, the light signal Input Into any input 
port can be output to any port of 1024 output ports. The 
light signals whose propagation destinations are 
switched by the light signal switching device are multi- 
plexed by the optical multiplexer 133 every destination, 
and then amplified by optical amplifiers 134 to output 
[0080] In the Dght signal switching device of the first 
embodiment, since the optical branching filters 131 and 
the optical switch module group 130, the optical switch 
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module group 1 30 and the optical multiplexers 133, and 
the optical switch modules 132a to 132c in the optical 
switch module group 130 are connected via the optical 
connectors shown In FIGS.19A and 19B. the loss can 
be reduced. Also, in contrast to the case that these op- 
tical devices are connected via the optical fibers, a con- 
necting operation Is extremely easy and also a size of 
the device can be reduced considerably. 
[0081] As shown in a schematic view of FIG .20, first 
and third optical switch modules 145, 147 may be con- 
structed by arranging 128 optical switch modules 132 in 
2 columns in the width direction and in 64 columns in 
the height direction. A second optical switch module 146 
may be constructed by 128 64x64-channel optical 
switch modules 132, which are aligned in the direction 
that is rotated from the optical switch modules 132 of 
the first and third optical switch modules 145, 147 by 90 
degree. 

[0082] FIG. 21 is a schematic view showing an exam- 
ple of an optical connector 1 55 when the 32 -system light 
signal, in which the light signal having 128 wavelengths 
is multiplied from the optical branch filter 150, is input 
into an optical switch module group 1 60 having the input 
ports that are arranged in 64 rows and 64 columns. This 
optical connector 155 consists of an inter! aver shifting 
portion 155a that transmits the light signal from the op- 
tical waveguide layer on one surface side of the sub- 
strate to the optical waveguide layer on the other surface 
side or from the optical waveguide layer on the substrate 
to the optical waveguide layer on other substrate, and 
an interl ayer bending portion 155b that changes the 
traveling direction of light in the same optical waveguide 
layer. That is, in the interlayer shifting portion 155a, the 
even -numbered light signals out of the 1 28 Gght signals, 
that are branched by the optical branching filter, are 
shifted to the direction perpendicular to the substrate 
surface by using the reflection mirror shown in FIG.22A. 
Then, the interlayer bending portion 155b, the position 
of the output side optical waveguides are aligned to co- 
incide with the input ports of the optical switch module 
group by bending the traveling direction of the Dght sig- 
nal within the plane that is parallel with the substrate by 
virtue of the reflection mirror shown in FIG-22B. 
[0083] In this manner, the light signals can be Input in 
the input ports of the optical switch module respectively. 
[0084] In the above embodiment, the case where the 
deflection angle of the Dght signal Is controlled by chang- 
ing the voltage applied to the control electrodes of re- 
spective prism pairs is explained. In this case, the de- 
flection angle of the light signal may be controlled by 
changing the number of the prism pairs to which th e con- 
trol voltage is applied while keeping the control voltage 
constant 

(Second Embodiment) 

[0085] FIG.23 is a top view showing an optical wiring 
substrate according to a second embodiment of the 



present invention. I n the second embodiment, an optical 
wiring substrate in which a dielectric multi-layered film 
mirror 21 2 is arranged at a bending portion of an optical 
waveguide 211, which Is bent at a right angle, wiD be 

5 explained hereunder. 

[0086] In the optical wiring substrate of the second 
embodiment, the dielectric multi-layered film mirror 212 
is arranged at the bending portion of the optical 
waveguide 211 to have an angle of 45 degree to the 

10 center line (Indicated by a dot-dash line in FIG.23) of the 
optical waveguide 211. This dielectric muitHayered film 
minor 21 2 Is formed by providing a plurality of mutually- 
parallel slits 205 in a part of the optical waveguide 211. 
That is, this dielectric multMayered film mirror 212 is 

is constructed by forming a part of the optical waveguide 
211 as the high refractive- index layer of the dielectric 
multi-layered film mirror 212 and using the air in the slits 
205 as the low refractive-index layer of the dielectric 
multi-layered film mirror 212. 

20 [0087] Also, the interface between the first high re- 
fractive- Index layer and the low refractive-index layer 
of the dielectric multi-layered film mirror 212 is arranged 
on the front side rather than the theoretical reflection 
surface (indicated by a chain double-dashed line in FIG. 

25 23) in which the intersection point of the center lines of 
the optical waveguide 211 is contained. That is, in the 
optical wiring substrate of the second embodiment, the 
theoretical reflection surface is contained in the dielec- 
tric multMayered film mirror 212. 

3G [0088] FIG. 24 is a schematic view showing an effect 
of the optical wiring substrate of the second embodi- 
ment Like the second embodiment, in the case that the 
air is employed as the low refractive-index layer of the 
dielectric mufti- layered film mirror 21 2, the light can be 

35 totally reflected at the interface between the first high 
refractive-index layer and the low refractive-index layer 
of the dielectric multi-layered film mirror 212 if the re- 
fractive index of the high refractive-Index layer is more 
than 1 A1 and also the light propagates in parallel with 

4> the center line of the optical waveguide (core) 211. so 
that there Is no necessary that the dielectric multi-lay- 
ered film mirror 212 should be formed as the multi-lay- 
ered structure. For example, as shown in FIG .26, it is 
possible to employ the interface 211c between the optJ- 

45 cal waveguide 211 and the air (cladding layer) as the 
reflection mirror. However, actually not only the light (in- 
dicated by an arrow c In FIG.24) that propagates In par- 
allel with the center line of the optical waveguide 211 , 
but also the lights (indicated by arrows a, b, d in FIG .24) 

6 that propagate In the optical waveguide 211 while re- 
flecting on the Interface between the optical waveguide 
211 and the peripheral low refractive- index layer (the 
air In the second embodiment) is present. 

[0088] As indicated by the arrows a, b in FIG.24. it is 
55 highly possible that the light, that is Incident upon the 
interface between the high refractive-Index layer and the 
low refractive-index layer of the dielectric multi-layered 
film mirror 212 by a small angle to the normal line of the 
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interface, Is out of the tote] reflection conditions. Accord- 
ingly, in the optical waveguide shown in FIG. 26, the loss 
in the bending portion is increased. For this reason, if a 
periodic structure of the dielectric mum-layered fUm In 
the dielectric multi-layered film mirror 212 is set to opti- 
mize the lights that are out of the total reflection condi- 
tions, the transmission Dght of the dielectric muttWay- 
ered film rnirror 212 can be further reduced and the toss 
in the bending portion of the optical waveguide becomes 
small rather than the prior art 

[0090] I n this case, as shown in Fl G-25, it is preferable 
that the layer structure of the dielectric multi-layered film 
mirror 212 should be optimized for the light that is inci- 
dent upon the dielectric multi-layered film mirror 212 at 
an angle ((©1+02)/2) obtained by bisecting a sum of an 
angle 01 of the tight beam L1 and an angle 02 of the light 
beam 12. Where this light beam L1 has the critical angle 
to the interface between the first low refractive-index lay- 
er and the high refractive-index layer of the dielectric 
multi-layered film mirror 212, and this light beam L2 of 
the light, that propagates while reflecting on the wafl sur- 
face of the optical waveguide 211 , has the smallest an- 
gle to the normal (indicated by a chain double-dashed 
line In FIG-25) of the dielectric multi-layered film mirror 
212. 

[0091] In the second embodiment the periodic struc- 
ture Is set such that the plane which is parallel with the 
reflection plane of the dielectric multi-layered film mirror 
212 and contains the intersection point of the center 
lines of the bending portion of the optical waveguide can 
be contained in the dielectric muttBayered film mirror 
21 2, whereby the Oghts that are out of the total reflection 
conditions can be returned to the inside of the optical 
waveguide at the reflection plane of the optical 
waveguide. As a result, the loss can be reduced in the 
bending portion of the optical waveguide. 
[0092] F1GS.27A to 27F are perspective views show- 
ing e method of manufacturing the optical wiring sub- 
strate according to the second embodiment 
[0093] First as shown in FIG.27A, a lower cladding 
layer 202 is formed on a silicon substrate 201 by spin- 
coating the resin that has the low refractive index, e.g., 
fiuorinated polyimide resin OPI-N3205 (manufactured 
by Hitachi Chemical Co., Ltd.) whose refractive index is 

1.52, to have a thickness of about 5 to 10 jim and then 
curing the resin by the heating. 

[0094] Then, as shown In FIG-27B, a core layer 203 
is formed by spin-coating the resin that has the refractive 
index higher than the lower cladding layer 202, e.g., 
fiuorinated polyimide resin OP1-N3405 (manufactured 
by Hitachi Chemical Co., Ltd.) whose refractive index is 

1 . 53, to have a thickness of about 10jim and then curing 
the resin by the healing. 

[0095] Then, as shown in FIG.27C, a photoresist film 
204 is formed by coating photoresist on the core layer 
203. The photoresist that can be exposed by the ultra- 
violet rays and the electron beam and that has the re- 
sistance to the dry etching by using the oxygen plasma 



is employed. Then, the electron beam is irradiated onto 
the portion of the photoresist film 204, in which the low 
refractive-index layer (slits) of the dielectric muitilayered 
film mirror 212 are formed, to expose there. At this time, 
5 as shown in FIG -23, patterns of the low refractive-index 
layer are drawn such that the plane which is parallel with 
the reflection plane of the dielectric multi-layered film 
mirror 212 and contains the intersection point of the 
center lines of the optical waveguide 211 can be con- 
to tained in the inside of the dielectric muitilayered film mir- 
ror 212. 

[0006] For example, in the case that the light enters 
into the dielectric multi-layered film mirror 212 at an an- 
gle of 45 and the optical waveguide 211 is formed of the 

is fiuorinated polyimide resin whose refractive index is 
1 .53, If the wavelength of the light passing through the 
optical waveguide 211 is assumed as 1.3 urn, a thick- 
ness of the high refractive-index layer must be set to 
about 0.15 |un, a thickness of the low refractive-index 

20 layer (a width of the slit 205) must be set to about 0.19 
Fim, and the number of the low refractive-index layer 
must be set to three layers or more. 
[0097] Then, the optical waveguide forming regions 
(containing the dielectric multi-layered film mirror form- 

25 ing regions) of the photoresist film 204 are masked and 
other portions are exposed by the ultraviolet rays (UV). 
Then, the photoresist film 204 is patterned as shown in 
FIG.27D by executing the developing process. 
[0096] Then, as shown in FIG.27E, an optical 

30 waveguide 211 is formed by dry-etching the core layer 
203 by means of the oxygen plasma (300 W) while using 
the photoresist film 204 remaining on the core layer 203 
as a mask. At this time, as shown in FIG .28, the etching 
is continued until a lower end of the slit 205 serving as 

35 the low refractive-index layer of the dielectric mum-lay- 
ered film mirror 212 reaches the lower cladding layer 
202. Then, as shown in Fl G.27F, the photoresist film 204 
is removed. In this manner, the optical wiring substrate 
of the second embodiment can be completed. 

40 [0099] In the second embodiment, since the dielectric 
multi-layered film mirror 212 Is constructed by forming 
a plurality of slits 205 on the optical waveguide 211 , the 
mirror having the reflection plane perpendicular to the 
substrate 201 can be easily fabricated. Also, since the 

45 plane that is parallel with the reflection plane of the di- 
electric murtMayered film minor 212 and contains the 
intersection point of the center lines of the optical 
waveguide 21 1 is positioned in the inside of the <fielectric 
muitilayered film mirror 212, it is possible to manufacture 

«? the optical wiring substrate that has the small loss In the 
bending portion of the optical waveguide 211. 
[0100] in the above optical wiring substrate, the opti- 
cal waveguide 211 Is surrounded by the air. As shown 
in FIG. 29, an upper cladding layer 213 may be formed 

55 by coating the optical waveguide 211 with the material 
whose refractive index is lower than the optical 
waveguide (core) 21 1 (e.g., epoxy resin). In this case, it 
is preferable that the same low refractive-index material 
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as the upper cladding layer 213 should be filled Into the 
inside of the slits 205 that are formed as the low refrac- 
tive-index layer of the dielectric multi-layered film mirror 
212, as described above. Also, it is preferable that such 
filling of the low refractive-index material into the slits 5 
205 should be carried out in vacuum not to remain the 
air in the slits 205. 

[0101] Also, a reflection efficiency of the dielectric 
mufti- layered film mirror 212 becomes higher as the re- 
fractive- index of the low refractive-index material filled ™ 
into the slits 205 becomes lower. As the resin filled into 
the si its 205, the same material as the above lower clad- 
ding layer 202 may be employed. Preferably the mate- 
rial having the lower refractive index, e.g., fluorirtated 
resin Cytop CTL-813A (refractive index 1.34: manufao- 
tired by ASAHI GLASS CO., LTD), should be employed. 
[0 1 02] For example, as shown in FIG J27F, the optical 
waveguide (core) 21 1 having the sifts 205 is formed, and 
then the ftuorineted resin Cytop CTL-813A is coated on 
the substrate 201 in vacuum by the spin-coating method 20 
and then cured by the heating for one hour at the tem- 
perature of 180 °C. In this manner, the optical wiring 
substrate in which the periphery of the optical 
waveguide (core) 211 is surrounded by the low refrac- 
tive-index resin (upper cladding layer) can be manufao- 25 
tuned. In this case, since the refractive index of the resin 
is higher than the air, the layer number of the low refrac- 
tive-index layer (slits 205) of the dielectric mufti -layered 
film mirror 212 must be set to 20 or more. 
[0103] A variation of the second embodiment is 30 
shown in FIG.30. The Gght is multiply-reflected by re- 
spective layers of the dielectric multi-layered film. It will 
be lost if such light does not enter in the inside of the 
optical waveguide. Therefore, as shown in FIG.30, if the 
sots 205 are formed in the overall bending portion of the 35 
optica] waveguide 211. the loss in the dielectric multi- 
layered film mirror 21 2 can be suppressed to the lowest 
minimum. 

(Third Embodiment) <o 

[0104] F1G.31A is a plan view showing a structure of 
an optical deflecting element according to a third em- 
bodiment of the present invention, and F1G.31B Is a sec- 
tional view showing the same. 46 
[01 05] A lower electrode (first electrode) 301 made of 
conductive material such as the metal Is formed on a 
single crystal substrate 300, and an optical waveguide 
302 that is constructed by the crystal having the eleo- 
trooptic effect is arranged on the lower electrode 301. so 
For example, as shown in FIG.32 , the optical waveguide 
302 has such a structure that a core layer 302a is put 
between upper and lower cladding layers 302b to con- 
fine the light in the core layer 302a due to the difference 
in the refractive index between the core layer 302a and 
the cladding layers 302b. Also, the optical waveguide 
302 may have the structure in which the light can be 
confined In the center portion of the optical waveguide 



302 by changing the refractive index continuously. 
[01 06] The core layer 302a of the optical waveguide 
302 must be formed of the crystal having the electrooptic 
effect, but the cladding layers 302b do not always need 
the electrooptic effect. 

[0107] An upper electrode (second electrode) 303 
and a leading electrode 305 are formed on the optical 
waveguide 302. The upper electrode 303 is formed as 
a wedge shape (right triangular shape) having a side 
that intersects orthogonally with the optical axis of the 
incident light (base) and a side that intersects obliquely 
with the optical axis (oblique side). Also, the leading 
electrode 305 is connected electrically to the lower elec- 
trode 301 via a conductive film 304 on a tide surface of 
the optical deflecting element 

[01 08] In the optical deflecting element constructed in 
this manner, as shown in FIG.31A, the light comes into 
the optica] waveguide 302 from the base side of the up- 
per electrode 303 and then goes out from the oblique 
side. If the voltage is applied between the upper elec- 
trode 303 and the leading electrode 305. the refractive 
index of the portion of the optical waveguide 302 under 
the upper electrode 303 is changed to cause the differ- 
ence in the refractive index between such portion and 
the periphery. The light passing through the optical 
waveguide 302 is deflected at the portion whose refrac- 
tive index is changed and the traveling direction of light 
is changed. That is, the outgoing direction of light can 
be controlled by changing the voltage that is applied be- 
tween the upper electrode 303 and the leading electrode 
305. 

[0109] In the optical deflecting element of the third 
embodiment, since the lower electrode 301 is formed 
on the single crystal substrate 300 and the optical 
waveguide 302 Is formed on the lower electrode 301, 
the conductivity or semi-conductivity is not required for 
the single crystal substrate 300. Therefore, the manu- 
facture of the substrate 300 becomes easy and also the 
production cost can be reduced. 
[01 10] Also, the optical deflecting element of the third 
embodiment, since the leading electrode 305 electrical- 
ly connected to the lower electrode 301 is arranged on 
the plane on which the upper electrode 303 is arranged, 
the mounting of the element onto other substrate (opti- 
cal switch modu te su bstrate ) can be made easy. In other 
words, when the optical deflecting element is to be 
mounted onto the optical switch module substrate, only 
the connection of the upper electrode 303 and the lead- 
ing electrode 305 to the optical switch module substrate 
by the solder, etc is required. Thus, the step of electri- 
cally connecting the lower electrode and the optical 
switch module substrate after the optical deflecting ele- 
ment is mounted onto the optica) switch module sub- 
strate can be eliminated. 

[01 1 1] F1GS.33A to 33D are sectional views showing 
a method of manufacturing the optical deflecting ele- 
ment according to the third embodiment in order of 
steps. 
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[01 12] In the third embodiment, an example In which 
PZT material is employed as the crystal material having 
the electrooptic effect will be explained hereunder. In 
this case, It is preferable that the substrate suitable for 
the PZT crystal growth should be selected as the sub- £ 
strate 300. In the third embodiment, STO (SrTiOa) single 
crystal substrate is employed as the substrate 300 since 
the crystal constant is close to PZT. 
[0113] First, as8hownin FIG.33A, the lower electrode 
301 of about 2000 A is formed by eprtaxially growing to 
SRO (SrRuO^ or Pt (platinum) on the STO single crystal 
substrate 300 by the welWcnown film forming method 
such as the sol-gel method, the PLD (Pulsed Laser Dep- 
osition) method, the sputter method, the CVD method, 
or the like. is 
[0114] In this case, the case where the thickness of 
the lower electrode 301 is below 1 000 A is not preferable 
since the resistance value is increased. The resistance 
value can be reduced if the thickness of the lower elec- 
trode 301 is increased, but the crysta 1 1 i nity of the optical 20 
waveguide 302 formed on the lower electrode 301 is de- 
graded. For this reason, it is preferable that, as de- 
scribed above, the thickness of the lower electrode 301 
should be set to about 2000 A 

[0115] Then, as shown in FIG.33B, the optical 2 $ 
waveguide 302 is formed on the tower electrode 301 by 
eprtaxially growing PLZT (cladding layer)/PZT (core lay- 
er)/PLZT (cladding layer) sequentially. A thickness of 
the optical waveguide 302 is set to almost 1 to 10 11m, 
for example. 00 
[0116] Then, side surfaces (the light incident plane, 
the light outgoing plane, and other planes) of the struc- 
ture consisting of the substrate 300, the lower electrode 
301, and the optical waveguide 302 are polished to 
planarize sufficiently and to expose the lower electrode 35 
301 from the side surface. 

[0117] Then, as shown in FIG.33C, the conductive 
film 304 having a thickness of about 2000 A or more is 
formed by depositing Pt on one skfe surface (except the 
light incident plane and the light outgoing plane) of the *o 
structure by virtue of the sputter method, etc, for exam- 
ple. The lower electrode 301 is connected electrically to 
this conductive film 304 via the portion exposed from the 
side surface. 

[0118] Then, as shown in FIG.33D, the conductive 
film made of Pt, or the like and having a thickness of 
about 2000 A or more Is formed on the optical 
waveguide 302 by virtue of the sputter method, etc., for 
example. Then, the upper electrode 303 of the wedge 
shape (right triangular shape) and the leading electrode so 
305, which is connected electrically to the lower elec- 
trode 301 via the conductive fOm 304, are formed by pat- 
terning this conductive film by virtue of the photolithog- 
raphy method. As a result, the optical deflecting element 
of the third embodiment can be completed. & 
[0119] In the third embodiment, since the lower elec- 
trode 30 1 is formed on the substrate 300, it is not needed 
that the substrate 300 is conductive. Therefore, the sub- 



strate that is suitable for the formation of the optica) 
waveguide 302 can be selected as the substrate 300 
regardless of the conductivity. As a result, the optical 
deflecting element that is excellent in the crystallinity. 
has the small optical loss, and has good optical proper- 
ties can be obtained. 

[0 1 201 Also, since the optical deflecting element of the 
third embodiment employs the conductive material such 
as the metal having the small electric resistance as the 
lower electrode 301 , it is possible to execute the high- 
speed operation. 

[01 21] In addition, since the upper electrode 303 and 
the leading electrode 305 are formed on the same plane, 
the optical deflecting element of the third embodiment 
can be easily mounted on other substrate. 

(Fourth Embodiment) 

[01 22] F1G.34A is a plan view showing a structure of 
an optical deflecting element according to a fourth em- 
bodiment of the present invention, and FIG.34B is a sec- 
tional view showing the same. 
[01 23] A lower electrode 31 1 made of conductive ma- 
terial such as the metal is formed on a single crystal sub- 
strate 310, and an optical waveguide 312 having a lam- 
inated structure of cladding layer/core layer/cladding 
layer, as shown in FIG .32, for example, is formed on this 
lower electrode 31 1 . Also, an upper electrode 31 4 of the 
wedge shape (right triangular shape) having the side 
that intersects orthogonally with the optical axis of the 
incident light (base) and the tide that intersects oblique- 
ly with the optical axis (oblique side) and a circular lead- 
ing electrode 315 are formed on the optical waveguide 
312. The leading electrode 31 5 is connected electrically 
to the lower electrode 311 via the column-like conductor 
313 that pass through vertically the optical waveguide 
312. 

[01 24] As shown in FIG.34A, the light enters into the 
optical waveguide from the base side of the upper elec- 
trode 314 and then goes out from the oblique side. If the 
voltage Is applied between the upper electrode 314 and 
the leading electrode 31 5, the refractive index of the por- 
tion of the optical waveguide 312 under the upper elec- 
trode 314 Is changed to cause the difference in the re- 
fractive index between the portion and the periphery. 
The light passing through the optical waveguide 312 is 
deflected at the portion whose refractive Index is 
changed and the traveling direction of Oght is changed. 
That is, the outgoing direction of light can be controlled 
by changing the voltage that Is applied between the up- 
per electrode 314 and the leading electrode 315. 
[01 25] F1GS.35A to 35E are sectional views showing 
a method of manufacturing the optical deflecting ele- 
ment according to the fourth embodiment in order of 
steps. 

[01 26] First, as shown in FIG.35A, the lower electrode 
311 of about 2000 A thickness is formed on the STO 
single crystal substrate 310 by epitaxial ly growing SRO 
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orPt. 

[01 27] Then, as shown in FIG .35B, a Cu (copper) film, 
for example, is formed on the lower electrode 311 by the 
sputter method. Then, the column-like conductor 313 Is 
formed by patterning the Cu film by virtue of the pho- « 
to resist method. A height of this columrHike conductor 
313 (height of the Cu film) must be set to exceed the 
thickness of the optica) waveguide 312 that is formed 
subsequently. 

[0128] Then, as shown in FIG.35C, the optical io 
waveguide 312 of about 1 to 10 nm thickness is formed 
by epitaxial V growing PLZT (cladding layer)/PZT (core 
layeryPLZT (cladding layer) sequentially on the lower 
electrode 311. In this case, it may be guessed that the 
disturbance of the crystal structure is generated near the 18 
column-like conductor 313. However, since the neigh- 
boring area of the column-like conductor 313 is not the 
portion through which the light is actually passed, there 
is no possibility that such disturbance interferes with the 
operation of the optical deflecting element. 20 
[0129] Then, as shown in FIG.35D, a surface of the 
optical waveguide 312 Is polished to planarize and to 
expose the column-tike conductor 313. 
[0130] Then, as shown in FIG.35E, the conductive 
film of about 2000 A thickness is formed on the optical 25 
waveguide 3 1 2 by depositing Pt, for example. Th en , the 
upper electrode 314 of the wedge shape and the leading 
electrode 315, which is connected electrically to the low- 
er electrode 311 via the column-like conductor 313, are 
formed by patterning this conductive film by virtue of the 
photolithography method. As a result, the optical de- 
flecting element of the fourth embodiment can be com- 
pleted. 

[01 31] The optical deflecting element of the fourth em- 
bodiment has such an advantage that the mass produc- 35 
tivity is excellent in addition to the same advantages of 
the third embodiment That is, if the optical deflecting 
elements as shown in FIGS -31 A and 31 B and RGS.34A 
and 34B are manufactured, it may be considered that a 
number of optical deflecting elements are formed simui- *o 
tanecusry on a sheet of substrate and then Individual 
optical deflecting elements are obtained by dividing the 
substrate near the final step. However, in the optical de- 
flecting element shown in FIGS.31A and 31 B, for con- 
venience of the electrical connection between the tower 46 
electrode 301 and the leading eiectrode 305 via the con- 
ductive film 304 formed on the side surface, the conduc- 
tive film 304 cannot be formed even after the substrate 
isrtvkted. 

[0132] In contrast, the optical deflecting element of so 
the fourth embodiment, the column -like conductor 313 
for connecting the lower electrode 311 and the leading 
electrode 315 is formed by forming the Cu film on the 
overall upper surface of the lower electrode 311 and 
then patterning this Cu film by the photolithography & 
method. Therefore, the column-like conductor 313 can 
be formed before the substrate is divided, and thus the 
production efficiency can be Increased. 



[01 33] in the third and fourth embodiments, the case 
where one lower electrode end one upper electrode are 
formed on one substrate respectively is explained. One 
or plural prism pairs explained in the first embodiment 
may be formed on one substrate. 

(Fifth Embodiment) 

[0134] FIG.36A is a plan view showing an optica] 
switch module according to a fifth embodiment of the 
present invention, and FIG.36B Is a sectional view 
showing the same. 

[0135] This optical switch module is constructed by an 
incident side optical waveguide portion 401, a coin mate 
portion 402, an incident side optical deflecting element 
portion 403, a common optical waveguide 404, an out- 
going side optical deflecting element portion 405, a con- 
verging portion 406. and an outgoing side optical 
waveguide portion 407. 

[0136] The incident side optical waveguide portion 
401, the colli mate portion 402, the common optical 
waveguide 404, the converging portion 406, and the out- 
going side optical waveguide portion 407 are formed in- 
tegrally on the optical switch module substrate (first sub- 
strate) 400. In contrast, in the incident side optical de- 
flecting element portion 403 and the outgoing side opti- 
cal deflecting element portion 405, optical deflecting el- 
ement units 403b, 405b that are formed separately from 
the incident side optical waveguide portion 401 , the ool- 
limate portion 402, the common optical waveguide 404, 
the converging portion 406, and the outgoing side opti- 
cal waveguide portion 407 are jointed to the optical 
switch module substrate 400. 

[01 37] In order to reduce the optical loss by the reflec- 
tion at the end surface, a refracting medium (e.g., resin) 
408 is filled between the incident side optical deflecting 
element unit 403b, the colli mate portion 402 and the 
common optical waveguide 404 and between the out- 
going side optical deflecting element unit 405b, the com- 
mon optical waveguide 404 and the converging portion 
406. As this refracting medium 408. the medium having 
the intermediate refractive index between the refractiv e 
index of the core layer of the coDi mate portion 402, the 
common optical waveguide 404, and the converging 
portion 406 and the refractive index of the core layer of 
the optical deflecting element units 403b, 405b is em- 
ployed. If the optical loss due to the reflection on the end 
surface even after the refracting medium 408 is filled is 
large, the reflection preventing film having the multi-lay- 
ered structure can be formed on the end surfaces of the 
optical deflecting element units 403b, 405b to overcome 
such large optical loss. The reflection preventing film is 
employed In various optical parts, and this its explana- 
tion will be omitted herein because such reflection pre- 
venting film belongs to the well-known technology. 
[0138] The incident side optical waveguide portion 
401 comprises four optical waveguides (cores) 401a, 
and a cladding layer 401b for covering these optical 
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waveguides 401a to confine the light In the optical 
waveguides 401a because of the difference in the re- 
fractive Index. Similarly to this, the outgoing side optical 
waveguide portion 407 comprised four optical 
waveguides (cores) 407a, and a cladding layer 407b for « 
covering these optical waveguides 407a to confine the 
light in the optical waveguides 407a because of the dif- 
ference in the retractive index. 
[0139] The colli mate portion 402 consists of four sets 
of oolllmate lens groups, and each collimate lens group 10 
is composed of a pair of convex lenses 402a. This con- 
vex lens 402a is a two-dimensional lens consisting of 
the core layer and cladding layers that sandwich the 
core layer vertically. A refracting medium 409 for adjust- 
ing the refractive index is filled between these convex 1& 
lenses 402a. Each collimate lens group is arranged at 
the position to respond to the optical waveguide 401a 
respectively. 

[0140] The incident side optical deflecting element 
unit 403b consists of four optical deflecting elements 20 
403a that are formed integrally on the same substrate 
(second substrate). These optical deflecting elements 
403a have basically the same structure as the optical 
deflecting element in the third or fourth embodiment Al- 
so, the outgoing side optical deflecting element unit 25 
405b consists of four optical deflecting elements 405a 
that are formed integrally on the same substrate (seo- 
ond substrate). These optical deflecting elements 405a 
have basically the same structure as the optical deflect- 
ing element in the third or fourth embodiment 30 
[0141] The common optical waveguide 404 is com- 
posed of the slab waveguide. The light that is passed 
through the incident side optical deflecting element por- 
tion 403 travels straightfy in the common optical 
waveguide 404, and reaches the outgoing side optical 35 
deflecting element portion 405. 
[0142] The converging portion 408 consists of four 
sets of converging lens groups, and each converging 
lens group is composed of a pair of convex lenses 406a. 
This convex lens 408a is a two-cflmenslonal lens con- *o 
slsting of the core layer and cladding layers that sand- 
wich the core layer vertically. The refracting medium 409 
for adjusting the refractive index is filled between these 
convex lenses 406a. Each converging lens group Is ar- 
ranged at the position to respond to the optical deflecting «s 
element 405a respectively. 

[0143] FIGS.37A and 37B are schematic sectional 
views showing a method of connecting the optical de- 
flecting element unit 403b and the optical switch module 
substrate 400. In FI6S.37A and 37B, a substrate 410 of 
the optical deflecting element unit 403b is illustrated on 
the upper side and an upper electrode 414 thereof is 
illustrated on the lower side. 

[0144] A lower electrode 411 made of conductive ma- 
terial such as the metal is formed on a surface of the 
substrate 41 0 (the lower side in RGS.37A and 37B) of 
the optical deflecting element unit 403b, while an optical 
waveguide 412 consisting of a core layer and a cladding 



layer Is formed on a surface of the lower electrode 411 
(the lower side in FI6S.37A and 37B). A wedge-shaped 
(right triangular shape) upper electrode 414, a leading 
electrode 415 connected to the lower electrode 411 via 
a column-like conductor 413 that passes through the op- 
tical waveguide 412, and a dummy electrode 416 are 
formed on a surface of the optical waveguide 412 (the 
lowers kle in FIGS.37A and 37B). The dummy electrode 
416 is provided to connect horizontally and firmly the 
optical deflecting element portion 403 to the optical 
switch module substrate 400. No electric signal is sup- 
plied to the dummy electrode 416. 
[0145] Also, it is preferable that a copper thin film 
should be formed on surfaces of these electrodes 414, 
415, 416 with regard to the joinabiGty to the solder. 
[0140] In contrast, electrodes 420 are formed at posi- 
tions, which coincide with the upper electrode 414, the 
leading electrode 415, and the dummy electrode 416 of 
the optical deflecting element 403a respectively, on the 
optical switch module substrate 400. The electrodes 
420 connected to the upper electrode 414 and the lead- 
ing electrode 415 are connected to a wiring (not shown) 
to which a signal of driving the optical deflecting element 
403a is supplied. 

[01 47] In (indium) is adhered onto the electrodes 420 
on the optical switch module substrate 400 side as a 
solder 42 1 . The optical deflecting element unit 403b can 
be mounted on the substrate 400 by using the apparatus 
such as the flip-chip bonder, or the like, which is normally 
employed to mount the semiconductor device (IC: Inte- 
grated Circuit). In this case, the optical deflecting ele- 
ment unit 403b can be mounted on the substrate 400 by 
jointing the electrodes 420 on the substrate 400 to the 
electrodes 414, 415, 416 on the optical deflecting ele- 
ment unit 403b by the solder 42 1 . while directing the sur- 
face on which the upper electrode 414, the leading eleo- 
trode 415, and the dummy electrode 416 are formed to 
the optical switch module substrate 400. Therefore, the 
electric connection between the optical deflecting ele- 
ment unit 403b and the substrate 400 can be executed 
at the same time. Similarly to this, the outgoing side op- 
tical deflecting element unit 405b can be mounted onto 
the optical switch module substrate 400. 
[0148] As shown In FIG.36B, when the optical deflect- 
ing dement units 403b, 405b are mounted onto the op- 
tical switch module substrate 400, the positions of the 
core layers of the optical waveguides of the optical de- 
flecting element units 403b, 405b and the positions of 
the core layers of the collimate portion 402, the common 
optical waveguide 404, and the converging portion 408 
must be set to coincide mutually. For that purpose, the 
thicknesses of the core layer and the cladding layer of 
the optical deflecting element units 403b, 405b mist be 
managed precisely. 

[0149] An operation of the optical switch module of the 
fifth embodiment wfll be explained hereunder. 
[0150] The light that enters into any one optical 
waveguide 401a of the Incident side optical waveguide 
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portion 401 travels In the optical waveguide 401a whfle 
reflecting on the interface between the core layer end 
the cladding layer, and then is emitted from the end por- 
tion of the optica] waveguide 401a to spread radially. 
This light is shaped into the parallel light by the collimate s 
portion 402, and then deflected into a predetermined di- 
rection in response to the applied voltage by the optical 
deflecting element 403a. The light that is output from the 
optical deflecting element 403a travels straightty in the 
common optical waveguide 404 to reach any one optical to 
deflecting element 405a of the outgoing side optical de- 
flecting element portion 405, and then is refracted in re- 
sponse to the applied voltage by the optical deflecting 
element 405a. 

[0151] The light that is refracted by the optical deflect- »ff 
ing element 405a is converged by the converging por- 
tion 406 to enter into the outgoing side optical 
waveguide 407a, and then Is emitted from the end por- 
tion of the optical waveguide 407a to the outside. 
[0152] If the voltage applied to the incident side opti- 20 
cal deflecting element 403a and the outgoing side opti- 
cal deflecting element 405a a is adjusted, the light that 
is input into any optical waveguide of four incident side 
optical waveguides 401 a can be transmitted to any op- 
tical waveguide of four outgoing side optical waveguides 25 
407a. 

[0153] In the fifth embodiment, only the optical de- 
flecting element units 403b, 405b must be fabricated by 
the material with the eiectrooptic effect, so that the inci- 
dent side optical waveguide portion 401, the collimate 30 
portion 402, the common optical waveguide 404, the 
converging portion 408, and the outgoing side optical 
waveguide portion 407 can be fabricated by the material 
having no eiectrooptic effect. Normally it is difficult to 
fabricate the crystal having the small optical loss if the 35 
crystal material with the eiectrooptic effect is employed. 
Therefore, it is not preferable to form the overall optical 
switch module by the crystal material wrth the eiectroop- 
tic effect 

[0154] In contrast in the fifth embodiment only the 
optical deflecting element units 403b, 405b must be 
formed by the crystal material having the eiectrooptic 
effect, and other portions can be formed by the crystal 
material having the small optical loss. As a result the 
optical switch module having the small optical loss can 45 
be obtained. 

[0155] Also, In the fifth embodiment, since the dummy 
electrodes 41 6 are formed on the upper electrode form- 
ing surfaces of the optical deflecting element units 403b, 
405b and also the dummy electrodes 416 and the eleo- so 
trode 420 on the optical switch module substrate 400 
side are connected, the optical deflecting element units 
403b, 405b can be connected firmly. In addition, if the 
forming positions of the dummy electrode 416 are se- 
lected properly, the optical deflecting element units 55 
403b, 405b can be jointed in the situation that they are 
maintained in parallel with the surface of the substrate 
400. 



(Variation) 

[01 55] F1G.38 is plan view showing an optical switch 
module according to a variation of the fifth embodiment 
of the present invention. In FIG. 38, the same symbols 
are affixed to the same elements as those in FIG.36A, 
and therefore their detailed explanation will be omitted. 
[01 57] In this example, eight sets of incident side op- 
tical waveguides 401a, the collimate portion 402 con- 
sisting of eight sets of collimate lens groups, the con- 
verging portion 406 consisting of eight sets of converg- 
ing lens groups, and eight sets of outgoing side optical 
waveguides 407a are formed on the substrate 400. 
Then, two optical deflecting element units 403b in which 
four optical deflecting elements 403a are formed inte- 
grally are arranged in parallel in the incident side optical 
deflecting element portion 403. Similarly to this, two op- 
tical deflecting element units 405b in which four optical 
deflecting elements 405a are formed integrally are ar- 
ranged in parallel in the outgoing side optical deflecting 
element portion 405. 

[01 58] If the number of channels is increased and the 
scale of the optical switch module is enlarged, the opti- 
cal deflecting elements are needed in number in con- 
formity with the scale of the optical switch module in the 
incident side optical deflecting element portion and the 
outgoing side optical deflecting element portion. If it is 
tried to form these optical deflecting elements on one 
substrate, the yield of the optical switch module is low- 
ered because of the defect or the bowing of the optical 
deflecting element unit. 

[01 59] For this reason, as shown in this example, the 
optical deflecting element units 403b, 405b are con- 
structed by several (four in this example) optical deflect- 
ing elements respectively, and also the optical deflecting 
element units 403b, 405b are arranged in plural in par- 
allel respectively. Thus, the reduction in the yield can be 
avoided. 

[0160] In this case, since the optical deflecting ele- 
ment portions 403, 405 are divided into plural optical de- 
flecting element units 403b, 405b, the number of the 
common electrodes formed on the optical switch mod- 
ule substrate is increased. However, since these com- 
mon electrodes can be connected mutually on the opti- 
cal switch module substrate, the number of the wirings 
that are to be extended to the outside of the optica) 
switch module substrate is not changed. 
[0161] Also, the common optical waveguide 404 can- 
not be divided, but the incident tide optical waveguide 
portion 401, the collimate portion 402, the converging 
portion 406, and the outgoing side optical waveguide 
portion 407 may be formed to be divided into plural units. 

(Sixth Embodiment) 

[0162] F1G.39 is a sectional view showing an optical 
switch module according to a sixth embodiment of the 
present Invention. The sixth embodiment shows an ex- 
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waveguide (103b) formed of material having the 
electrooptic effect, first and second upper elec- 
trodes (103c. 103d) formed as a wedge shape and 
arranged on a light signal passing area of the slab 
5 waveguide (103b) such that wedge top ends are di- 
rected mutually oppositely, and first and second 
lower electrodes (103e, 1030 arranged under the 
slab waveguide (103b) so as to oppose to the first 
and second upper electrodes (103c, 103d). 

10 

2. An optical switch module according to claim 1, 
wherein a first potential is applied commonly to the 
first upper electrodes (103c) and the second lower 
electrodes (103f) of the prism pairs (103p), and a 

15 second potential is applied commonly to the second 
upper electrodes (103d) the first lower electrodes 
(103e). 

3. An optical switch module according to claim 1 or 2, 
20 wherein the colli mate portion (102), the first optical 

deflecting elements (103a) r the common optical 
waveguide (1 04), the second optical deflecting ele- 
ments (105a), and the converging portion (108) are 
formed integrally. 

25 



ample in which the elements except for the optical de- 
flecting element units are formed by the same material 
by using the siDca waveguide technology. 
[01 63] First, a quartz substrate 430 is prepared. This 
silica substrate 430 serves as the lower cladding layer 
of the optical waveguide. Then, a core layer 431 and an 
upper cladding layer 432 are formed on the silica sub- 
strate 430 by the well-known PLC (Planar Lightwave 
Circuit) technology. 

[01 64] Then, the recesses that have a predetermined 
shape respectively are formed by etching the colli mate 
portion 402, the incident side optical deflecting element 
portion 403, the outgoing side optical deflecting element 
portion 405, and the converging portion 406. 
[0165] Then, like the fifth embodiment, the optical de- 
flecting element units 403b, 405b are mounted onto the 
Incident side optical deflecting element portion 403 and 
the outgoing side optical deflecting element portion 405 
respectively, and the refracting medium 408 is filled into 
the clearances of the incident side optical deflecting el- 
ement portion 403 and the clearances of the outgoing 
side optical deflecting element portion 405. Also, the re- 
fracting medium 409 is filled into the recesses of the coh 
limate portion 402 and the converging portion 406. 
[0 1 66] 1 n this manner, the optical switch module of the 
sixth embodiment can be formed. 



Claims 

1. An optical switch module comprising: 

a collimate portion (102) for col D mating individ- 
ually a plurality of light signals respectively; 
a plurality of first optical deflecting elements 
(103a) for switching propagation directions of 
the light signals, which are passed through the 
collimate portion (102), individually respective- 
ly by utilizing an electrooptic effect; 
a common optical waveguide (104) through 
which the light signals, which are passed 
through the plurality of first optical deflecting el- 
ements (103a) respectively, are propagated; 
a plurality of second optical deflecting elements 
(1 05a) for switching the propagation directions 
of the light signals, which are passed through 
the common optical waveguide (104), Individu- 
ally respectively by utilizing the electrooptic ef- 
fect; and 

a converging portion (106) for converging the 
tight signals, which are passed through the plu- 
rality of second optical deflecting elements 
(105a), individually respectively; 

wherein each of the first optical deflecting el- 
ements (103a) and the second optical deflecting el- 
ements (105a) is constructed by one or plural prism 
pairs, and each of the prism pairs Includes a slab 



4. An optical switch module according to claim 1, 2 or 
3, wherein a light propagation path is switched by 
causing the first optical deflecting elements (103a) 
and the second optical deflecting elements (105a) 

30 to cooperate with each other. 

5. A light signal switching device comprising: 



a first optical switch module group constructed 
35 by arranging a plurality of first optical switch 

modules (132a); 

a second optical switch module group con- 
structed by arranging a plurality of second op- 
tical switch modules (132b) and connected op- 
ticaliy to the first optical switch module group; 
and 

a third optical switch module group constructed 
by arranging a plurality of third optical switch 
modules (132c) and connected optically to the 
4ff second optical switch module group; 

wherein each of the first, second and third op- 
tical switch module (132a,132b and 132c) includes 
(1) a collimate portion for collimarting individually a 

so plurality of light signals respectively, (2) a plurality 
of first optical deflecting elements for switching 
propagation directions of the light signals, which are 
passed through the collimate portion, individually 
respectively by utilizing an electrooptic effect, (3) a 

65 common optical waveguide through which the light 
signals, which are passed through the plurality of 
first optical deflecting elements respectively, are 
propagated, (4) a plurality of second optical deflect- 
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ing elements for switching the propagation direc- 
tions of the light signals, which are passed through 
the common optical waveguide, individually respec- 
tively by utilizing the electrooptic effect, and (5) a 
converging portion for converging the light signals, 
which are passed through the plurality of second 
optical deflecting element, individually respectively, 
and 

wherein each of the first and second optical 
deflecting elements Is constructed by one or plural 
prism pairs, and each of the prism pairs includes a 
stab waveguide formed of material having the elec- 
trooptic effect, first and second upper electrodes 
formed as a wedge shape and arranged on a light 
signal passing area of the slab waveguide such that 
wedge top ends are directed mutually oppositely, 
and first and second lower electrodes arranged un- 
der the slab waveguide so as to oppose to the first 
and second upper electrode. 

6. A light signal switching device according to claim 5, 
wherein the second optical switch module group 
(146) is arranged in a state that the second optical 
switch module group is rotated by 90 degree to the 
first optical switch module group (145) and the third 
optical switch module group (147). 

7. A fight signal switching device according to claim 5 
or 6, wherein each of the first, second and third op- 
tical switch module (132a, 132b and 132c) hss 'n 
input ports (where n is an integer of 2 or more) and 
n output ports, and each of the first, second and 
third optical switch module groups consists of n op- 
tical switch modules. 

6. A light signal switching device according to claim 5, 
6 or 7, wherein a first potential is applied commonly 
to the first upper electrodes (103c) and the second 
lower electrodes (103ff) of the prism pairs (103p), 
and a second potential Is applied commonly to the 
second upper electrodes (103d) and the first lower 
electrodes (103e). 

9. A light signal switching device according to any one 
of claims 5 to 8 r wherein the first optical switch mod- 
ule group and the second optical switch module 
group and the second optical switch module group 
and the third optical switch module group are opti- 
cally connected via optical connectors (138) having 
a plurality of lenses (141), which are aligned in a 
one-dimensional or two-dimensional direction, re- 
spectively. 

10. A Dght signal switching device according to any one 
of claims 5 to 9. wherein an optical branching filter 
(131) for distributing wavelength-multiplexed light 
signals every wavelength is connected to an input 
side of the first optical switch module group, and an 



optical multiplexer (133) is connected to an output 
side of the third optical switch module group. 

11. A Dght signal switching device according to claim 
5 10, wherein an optical amplifier (134) is connected 

to an output side of the optical multiplexer (133). 

12. A light signal switching device according to claim 1 0 
or 11, wherein at least one of the optical branching 

10 filter and the first optical switch module group and 
the third optical switch module group and the optical 
multiplexer is connected via an optical connector 
(155) that has an interlayer shift mirror (155a) for 
shifting a light between layers and an in-plane shift 
is mirror (155b) for shifting the Dght in a plane. 

13. An optical wiring substrate comprising: 

an optical waveguide (211) having a bended 
20 shape; and 

a dielectric multi-layered film mirror (212) hav- 
ing a plurality of slits (205) provided to a bend- 
ing portion of the optical waveguide (211) as a 
part of a multi-layered structure. 

25 

14. An optical wiring substrate according to claim 13, 
wherein a plane that Is parallel with a reflection 
plane of the dielectric multi-layered film mirror (212) 
and contains an intersection point of center Ones of 

3© the optical waveguide (211) at the bending portion 
is contained in an inside of the tielectric multi-lay- 
ered film mirror (21 2). 

15. An optical wiring substrate according to claim 13 or 
35 14, wherein the slits (205) are formed to have a 

depth that extends from an upper surface to a lower 
surface of the optical waveguide (211). 

16. An optical wiring substrate according to claim 13, 
40 14 or 15, wherein the dielectric multi-layered film 

mirror (212) sets a periodic -structure of dielectric 
layers to lights, that have a smaller angle to a nor- 
mal of a reflection plane than a center line of the 
optical waveguide (211), out of lights that are Ind- 
45 dent upon the reflection plane. 

17. An optical wiring substrate according to any one of 
claims 13 to 16, wherein, if an angle serving as a 
critical angle to the reflection plane of the dielectric 

50 multi-layered film mirror (212) is set to 9 1 and an 
incident angle of a light, which has a smallest angle 
to a normal of the reflection plane, out of lights pass- 
ing through the optical waveguide (211) to the re- 
flection plane is set to 9 2, the dielectric multMay- 
55 ered film mirror (212) is optimized for the light that 
is incident at an angle ((91 ♦ 9 2)F2). 

18. An optical wiring substrate according to any one of 
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claims 13 to 17, wherein the sifts (205) are formed 
in an overall area of the bending portion of the op- 
tical waveguide (211). 

19. An optical wiring substrate according to any one of 
claims 1 3 to 18, wherein material having a refractive 
index smaller than the optical waveguide (211) Is 
filled in the sOts (205). 

20. An optica] wiring substrate according to any one of 
claims 13 to 18 v wherein an air is filled in the slits 
(205). 

21. An optical deflecting element comprising: 

a substrate (300) ; 

a first electrode (301) formed on the substrate 
(300); 

an optical waveguide (302) formed on the first 
electrode (301) and having an electrooptic ef- 
fect; 

a wedge-shaped second electrode (303) 
formed on the optical waveguide (302) at a po- 
sition that opposes to the first electrode (301); 
and 

a leading electrode (305) formed on the optical 
waveguide (302) and connected electrically to 
the first electrode (301). 

22. An optical deflecting dement according to claim 21, 
wherein the first electrode (301) and the leading 
electrode (305) are connected electrically via a con- 
ductive film (304) that is formed on a side surface 
of the optical waveguide (302). 

23. An optical deflecting element according to ciaim 21 , 
wherein the first electrode and the leading electrode 
are connected electrically via a column-like conduc- 
tor (313) that is passed through the optical 
waveguide. 

24. An optical deflecting element according to claim 21 B 
22 or 23, wherein the optical waveguide (302) con- 
sists of a core layer (302a) having an electrooptic 
effect and cladding layers (302b) having a refrac- 
tive index smaller than the core layer (302a) and 
arranged on and under the cere layer (302a). 

25. An optical switch module comprising: 

a colli mate portion (402) for colOmating individ- 
ually a plurality of light signals respectively; 
a plurality of first optical deflecting elements 
(403a) for switching propagation directions of 
the light signals, which are passed through the 
colli mate portion (402), Individually respective- 
ly by utilizing an electrooptic effect; 
a common optical waveguide (404) through 



which the light signals, which are passed 
through the plurality of first optical deflecting el- 
ements (403a) respectively, are propagated; 
a plurality of second optical deflecting elements 
£ (405a) for switching the propagation directions 

of the light signals, which are passed through 
the common optical waveguide (404), individu- 
ally respectively by utilizing the electrooptic ef- 
fect; 

io a converging portion (408) for converging the 

light signals, which are passed through the plu- 
rality of second optical deflecting elements 
(405a), individually respectively; and 
a first substrate (400) for supporting the colD- 

*5 mate portion (402), the first optical deflecting 

elements (403a), the common optical 
waveguide (404), the second optical deflecting 
elements (405a). and the converging portion 
(406>; 

20 

wherein at least one of the first optical deflect- 
ing elements (403a) and the second optical deflect- 
ing elements (405a) is constructed by a second 
substrate (410), a first electrode (411) formed on a 

25 first-substrate side surface of the second substrate 
(410), an optical waveguide (412) formed on a first- 
substrate side surface of the first electrode (411) 
and having an electrooptic effect, a wedge-shaped 
second electrode (414) formed on a first- substrate 

30 side surface of the optica) waveguide (412) to op- 
pose to the first electrode (411), and a leading elec- 
trode (415) formed on the first-substrate side sur- 
face of the optical waveguide (412) and connected 
electrically to the first electrode (411), whereby the 

35 second electrode (414) and the leading electrode 
(415) are Jointed to electrodes of the first substrate 
(400). 

26. An optical switch module according to claim 25, 
40 wherein at least one of the first and second optical 

deflecting elements (403, 405) has dummy elec- 
trodes (4 16) that are independent from the first elec- 
trode (411) and the second electrode (414), and 
electrodes (420) that are to be connected to the 
45 dummy electrodes (416) are provided on the first 
substrate (400). 

27. An optical switch module according to claim 25 or 
26, wherein the coOimate portion (402), the com- 

50 mon optical waveguide (404), and the converging 
portion (406) are formed integrally with the first sub- 
strate (400). 

28. An optical switch module according to any one of 
55 claims 25 to 27, wherein a plurality of first optical 

deflecting elements (403a) are formed integrally on 
one second substrate (410). 
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29. An optical switch module according to claim 28, 
wherein the second substrate (410) is provided in 
plural. 

30. An optical switch module according to any one off 5 
claims 25 to 29, wherein a plurality of second optical 
deflecting elements (405a) are formed integrally on 
one second substrate (410). 

31. An optical switch module according to claim 30, w 
wherein the second substrate (410) is provided in 
plural. 
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